We have compared the results and complications after closed and open reduction with internal fixation in young adults with displaced intracapsular fractures (Garden grades III and IV) of the neck of the femur. We also studied the risk factors which influenced nonunion and the development of avascular necrosis (AVN). A total of 102 patients aged between 15 and 50 years was randomised to receive either closed or open reduction. Both groups were compared for age, gender, time to surgery and posterior comminution as well as for union and complications. Using univariate and multivariate analysis the factors influencing nonunion and AVN were assessed.
We have compared the results and complications after closed and open reduction with internal fixation in young adults with displaced intracapsular fractures (Garden grades III and IV) of the neck of the femur. We also studied the risk factors which influenced nonunion and the development of avascular necrosis (AVN). A total of 102 patients aged between 15 and 50 years was randomised to receive either closed or open reduction. Both groups were compared for age, gender, time to surgery and posterior comminution as well as for union and complications. Using univariate and multivariate analysis the factors influencing nonunion and AVN were assessed.
Of the 102 patients, 92 were available for review. There was no significant difference between the groups in terms of union (p = 0.93) and AVN at two years (p = 0.85). Posterior comminution, poor reduction and improper placement of the screws were the major factors contributing to nonunion. The overall incidence of AVN was 16.3% (15 of 92 patients) and it was not influenced by these factors. A delay of more than 48 hours before surgery did not influence the rate of union or the development of AVN when compared with operation within 48 hours of injury.
An intracapsular fracture of the neck of the femur in the young adult is a difficult injury to manage. 1, 2 While undisplaced fractures (Garden types 1 and 2) 2 almost always unite, nonunion and avascular necrosis (AVN) of the femoral head are the two major complications of displaced type-3 and type-4 fractures. Although internal fixation is the standard treatment for this latter group, controversy remains concerning the mode of fixation, the approach to be used and the method of reduction. While most studies indicate that early fixation with proper reduction is necessary for good results, 1, [3] [4] [5] there is still debate as to whether to open the fracture or not. Some authors [6] [7] [8] [9] [10] [11] [12] have suggested that closed reduction with internal fixation (CRIF) is the method of choice and that it is less invasive and takes less time. Others 5, [13] [14] [15] [16] argue that open reduction (ORIF) allows an accurate and anatomical reduction under direct vision and that better rates of union can be achieved. We have compared prospectively the use of the two procedures in displaced intracapsular fractures of the neck of the femur in young adults. We have also analysed the risk factors affecting the development of nonunion and AVN.
Patients and Methods
Between January 1997 and June 2000 we treated 102 patients with displaced intracapsular fractures of the neck of the femur (Garden grades III and IV) at two major trauma centres. All were aged between 15 and 50 years with an index of osteoporosis according to Singh, Nagrath and Maini 17 of grade 4, 5 or 6. Those with osteopenic bone as a result of osteomalacia or a metabolic disorder were excluded. The patients were randomised by the use of closed envelopes for treatment either by open or closed reduction with internal fixation using cannulated cancellous screws. Informed consent was obtained. Only those who could be operated on within one week of injury were included. Prior approval was given by the Institutional Review Committee.
Only patients who were followed up for two years or more were included in the final review. Four who could not be followed up for the minimum period of two years, four in whom an accurate closed reduction could not be obtained at the time of operation and were then managed by open reduction and two with injuries to other organ systems or limbs were excluded. The remaining 92 patients were considered for the final analysis with 44 in the ORIF group and 48 in the CRIF group.
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Operative technique Closed reduction. This was carried out on a fracture table. A Steinmann pin was inserted into the distal femur in order to provide better control during manipulation and traction. A posterior thigh support was used in order to achieve flexion of the hip while simultaneously applying traction. The thigh was then rotated internally and extended by lowering the posterior thigh support. The reduction was checked in the anteroposterior (AP) and lateral planes with cross-table view, before fixing the fracture with three cannulated cancellous screws, placed parallel to each other in a large triangular configuration using an angle guide. All the screws were placed at a minimum angle of 130˚ to the shaft of femur. The first screw was placed along the calcar, the second along the posterior cortex and the third in the superior part of the neck. Open reduction. The patient lay supine on a flat operating table. 6 A Watson-Jones approach was used and the fracture opened by using an inverted T-shaped incision in the capsule. A Kirschner wire was used to manipulate the head of the femur. Follow-up. The patients were allowed active assisted mobilisation of the hip as soon as pain allowed and began touch weight-bearing at six weeks. Partial weight-bearing was allowed at 12 weeks and full weight-bearing when there was clinical and radiological evidence of union. The patients were followed up for at least two years. Nonunion was defined as a loss of reduction or fixation after six weeks or radiological absence of union at one year. After union, patients were followed up at six-monthly intervals in order to assess the incidence of AVN and a minimum of full weight-bearing for one year was allowed before considering that the patient was free from AVN. Radiological assessment. This was carried out by an independent blinded observer (LM). The presence of posterior comminution was assessed by the determination of fragmentation of the posteromedial cortex on radiographs at the time of admission and in the immediate post-operative period. Reduction was assessed by combining the Garden alignment index 2 and the criteria of Lagerby, Asplund and Ringqvist. 18 Varus angulation of less than 160˚ on the AP view and posterior angulation of more than 5˚ on the lateral view were considered to indicate an unsatisfactory reduction. All patients were graded into one of three groups as follows depending upon the quality of the reduction in the two planes: grade I, satisfactory reduction on both AP and lateral views; grade II, unsatisfactory reduction on either the AP or lateral view; and grade III, unsatisfactory reduction on both the AP and lateral views.
Nonunion was defined as the presence of clinical signs of instability at the fracture or pain in the hip requiring further surgery. The persistence of or an increase in the fracture gap, sclerosis of the margins of the fracture, alteration in the orientation of the screws in relation to the bone or a change in the orientation of the two fracture fragments. AVN was defined as the appearance of subchondral sclerosis or the presence of segmental collapse.
Placement of the screws was evaluated on the AP and lateral radiographs taken immediately after operation. It was considered to be inappropriate if the screws either crossed each other at an angle of more than 10˚ or if they were in a convergence of greater than 10˚. If the placement was parallel or at an angle of less than 10˚ to each other it was considered to be appropriate. Statistical analysis. The groups were compared for gender and age distribution, the time which elapsed before surgery, the mean period of follow-up and posterior comminution, by calculating p values. The chi-squared test was used for dichotomous variables when the frequency was more than 5 and Fisher's exact test when it was less than 5. For continuous variables the two-sided Student's unpaired t-test was used when the data were normally distributed and the Wilcoxon Mann-Whitney U test when the distribution was skewed.
Posterior comminution, delay in operation of more than 48 hours, the quality of reduction and the improper placement of screws were taken as the risk factors. A convergent or criss-cross pattern of placement was considered to be incorrect and patients in these two groups were combined for calculating the odds ratio. This was calculated for nonunion and AVN with respect to the risk factors using stepwise logistical regression.
A p value of less than 0.05 was taken as significant and the 95% confidence interval (CI) was calculated for all the values of the odds ratio. The value of α (type-I error) was taken as 0.05. An improvement of 50% in the primary outcome (19% vs 9.5%) was considered to be significant for clinical comparison between the two groups and the power of the study (1-β) was found to be 27%.
Results
Of the 92 patients included in the study 76 (82.6%) were men and 16 (17.4%) women. The injuries were due to highenergy trauma occurring mainly in young active males who were principally involved in outdoor activities. The malefemale ratio, the mean age and the time interval between injury and operation were comparable in the two groups. The patients had their operation as soon as administratively possible after admission and the mean time before surgery in the ORIF group was 47.1 hours (6 to 13) and in the CRIF series 52.4 hours (13 to 136). The severity of the fractures as assessed by the degree of posterior comminution was similar in both groups (Table I) .
On the post-operative radiographs 39 patients (42.4%) had a grade-I, 38 (41.3%) a grade-II and 15 (16.3%) a grade-III reduction with both groups containing a comparable number of patients. The patterns of screw placement were also uniformly distributed between the two groups with 67% of patients having properly placed screws and 33% improper placement (Table II) .
The results were compared in terms of union and the time to union. A rate of nonunion of 17.4% was found with no statistical difference between the two groups in the rate (p = 0.93) or time to union (Table III) . AVN was seen in 15 patients (16.3%) with no difference between the two groups (p = 0.85). Other complications included infection in five (5.4%), deep-vein thrombosis (DVT) in six (6.5%), and breakage of a guide wire in two (2.2%). The last occurred only in the CRIF group (Table III) . The incidence of DVT and infection was greater in the ORIF than in the CRIF series. None of the patients developed clinical signs or symptoms of pulmonary embolism (Table III) .
Of the 16 patients who developed nonunion, 13 had posterior comminution and seven a delay of more than 48 hours between trauma and surgery (Table IV) . Of the 13 with both nonunion and posterior comminution, eight had undergone CRIF and five ORIF, and of the seven patients (Table IV) .
Of the 20 patients with convergent screws, five (25%) had some loss of reduction in both planes at six weeks as did three (30%) of those with criss-cross screws. By contrast, of the 62 patients with parallel screws only seven (11.3%) lost reduction. Of the 15 hips with AVN, five had posterior comminution and eight a delay of more than 48 hours before surgery (Table V) . Of the five patients with AVN and posterior comminution, three had CRIF and two ORIF. Of the eight patients with AVN who had a delay of more than 48 hours, four belonged to each group. None of the factors, either alone or together, increased the risk of developing AVN (Table V) .
Discussion
The rates of nonunion and AVN which have been reported after internal fixation vary widely. In various studies 7, 13, 15 nonunion has ranged from 4% to 59% and AVN from 10% to 86% irrespective of whether CRIF or ORIF was used.
14, 15 The reasons for such a large variation could be the difference in the selection of patients with respect to age, the quality of bone, the pattern of fracture, the method of reduction, the mode of fixation and the timing of surgery. While some authors advocate the use of closed reduction under radiological control 7, 8, 19 others use open reduction for the same purpose. 13, 14, 16 They contend that direct visualisation of the site of the fracture followed by a matching of medulla to medulla is the key to success. Our experience indicates that while opening the capsule does allow direct inspection of the reduction from the front it gives little indication of alignment in other planes, but a cross-leg lateral view, which is easily obtained on a fracture table adds to the accuracy of reduction. It is suggested that opening the capsule relieves pressure on the capsular blood vessels 14, 20 by evacuating the haematoma, but incising the capsule may cause further damage to the vessels lying anteriorly. 21, 22 Posterior comminution. This has been recognised as being a major factor influencing the outcome of internal fixation. 7, 16, 23, 24 Fractures with comminution of the posteromedial aspect of the neck are inherently unstable and are more prone to early displacement after primary fixation. It is also an indicator of the severity of injury. It may be that open reduction with bone grafting should be undertaken in such cases. Delay in surgery. Fracture of the neck of the femur is traditionally treated by an emergency operation. In a series of 27 patients belonging to a similar age group, Swiontkowski et al 3 achieved union of 100% when surgery was performed within eight hours of the injury. This high rate of union may have been influenced by the number (30%) of undisplaced Garden grade II fractures among their patients. However, 20% of the patients developed AVN. Zetterberg et al 4 and Bray 16 also suggested that the timing of surgery after injury was an important factor in influencing the outcome. Only three of our patients could be operated on within 12 hours of injury because of delay in arriving at the hospital, the lack of emergency operating time and delays in anaesthesia. Hence they all had delayed rather than emergency fixation. We found that internal fixation was equally effective within one week of injury irrespective of whether it was carried out before or after 48 hours. After a week fibrosis around the fracture and hip and proximal migration of the distal fragment necessitate other open procedures such as intertrochanteric osteotomy or bone grafting 25 in order to achieve union.
Quality of the reduction. An anatomical reduction 1,13 also affects the outcome. The larger the area of contact between the surfaces of the fracture the greater is the chance of union. While it is possible to achieve an accurate reduction at operation, its maintenance afterwards may prove to be difficult, particularly in inherently unstable fractures with posterior comminution. The risk of early displacement is high during the first six weeks after surgery. Most fractures which redisplace angulate posteriorly and this can be seen on a lateral radiograph. It occurs in the presence of minor comminution of the posterior cortex and when this is greater the fracture may become more unstable and displace in both planes. Placement of the screw. This can influence the stability of fixation. They are best placed parallel. 9, 18 Different types of angled jigs have been designed to achieve this. The screws should be placed just adjacent to the calcar and the posterior cortex, 26 and since there are variations between individuals in the thickness of the neck of the femur it may be difficult to maintain absolute parallelism. The placement of the head fragment on the narrow base ('sphere on a tripod') provided by converging screws is inherently unstable and there is a greater risk of displacement (Fig. 1) . Parallel screws provide a wider base on top of which the spherical head remains more stable. Greater stability can be gained by the wider base provided by slightly diverging screws, although Swiontkowski et al 3 and Swiontkowski 5 have suggested that this may be detrimental to the settling of the fracture. The widely divergent screws which he described 5 are similar to the criss-cross pattern in our study. Such a configuration renders the tripod itself unstable and results in failure (Fig. 1) . The screws should therefore be placed in a parallel configuration in both the AP and lateral views in order to achieve the best results (Fig. 2) .
Asnis and Wanek-Sgaglione 7 described AVN in 11% of their patients at two years increasing to 22% at eight years. Almost 25% of their patients had undisplaced fractures of Garden grade I or II. The belief that revascularisation of the head along with union of the fracture can occur after internal fixation 7 was shown by the five patients in our study who had lost reduction early but still went on to unite without signs of AVN (Table IV) . It has been argued that the force of the initial trauma decides the fate of vascularity in these fractures.
10,15 Soto-Hall et al 22 stated that stress on the retinacular vessels is the main cause of AVN. However, even in Garden grade II undisplaced fractures, Asnis and Wanek-Sgaglione 7 found an incidence of AVN of almost 20%. Although the initial injury to the retinacular vessels may be a major factor affecting the development of AVN, intra-osseous healing may still rescue some of the devascularised head.
We did not find that ORIF of intracapsular fractures of the neck of the femur gave a better result than CRIF. The degree of posterior comminution influences the chances of union. It may be that injuries with severe posterior comminution should be managed through a posterior approach with additional bone graft. It is also important to distinguish those injuries which are likely to result in nonunion so that primary arthroplasty can be considered. 
